This paper is devoted to an investigation of the effects of surface structure (structure-less or structured) on the description of the adsorption isotherm and the isosteric heat of nitrogen and argon adsorption onto graphitized thermal carbon black. It was found that the surface structure had little effect on the adsorption of either argon or nitrogen at 77 K and 87.3 K. The variation of the monolayer coverage concentration was also investigated as well as the concentrations of higher layers as a function of pressure and temperature. Finally, the commonly used values for the molecular projection area of nitrogen and argon for graphitized thermal carbon black (16.2 Å 2 and 13.8 Å 2 ) were revisited. For this material, a value of 15.5 Å 2 is recommended for nitrogen at 77 K, while for the case of argon at the same temperature the recommended values of 13.8 Å 2 and 12.94 Å 2 are suggested for the reduced pressure range (0.1-0.2P/P 0 ) and (0.25-0.35P/P 0 ), respectively. A value of 14 Å 2 for argon at 87.3 K is suggested for the BET plot over the reduced pressure range of 0.1-0.2P/P 0 .
INTRODUCTION
This study was motivated by the fact that intermolecular interactions in the adsorbed phase are lower than those when two particles interact in the bulk phase (de Boer and Kruyer 1958; Sinanoglu and Pitzer 1960; Barker and Everett 1962; McLachlan 1964; Everett 1965; Tang and Toennies 1984; Kim and Steele 1992) . This weaker interaction has an effect on the monolayer coverage concentration and hence the molecular projection area. We have also investigated the effect of surface structure (structure-less or structured) on these variables; thus, the GCMC simulation was used to study the adsorption of nitrogen at 77 K and of argon at 77 K and 87.3 K onto graphitized thermal carbon black (GTCB). This latter method has been applied successfully to study adsorption onto carbon materials (Murata and Kaneko 2001; Sunaga et al. 2004; Ohba and Kaneko 2002; Ohkubo et al. 2002; Tanaka et al. 2002) and details of the GCMC are well described in a number of books (Nicholson and Parsonage 1982; Allen and Tildesley 1987; Frenkel and Smit 2002) .
Direct application of the GCMC method to simulate adsorption isotherms on GTCB always leads to simulated isotherms that exhibit a shoulder in the region of monolayer formation and significant over-prediction of the second and higher layers (Do et al. 2004; Do and Do 2005a-c) .
Such an over-prediction is due to the over-estimation of fluid-fluid interaction in the presence of a solid surface, known as the surface mediation (de Boer and Kruyer 1958; Sinanoglu and Pitzer 1960; Barker and Everett 1962; McLachlan 1964; Everett 1965; Tang and Toennies 1984; Kim and Steele 1992; Nicholson and Parsonage 1986; Nicholson et al. 1990) . As a result of this interaction, the fluid-fluid interaction is weakened. The ratio of this effective fluid-fluid interaction energy to the fluid-fluid interaction energy corresponding to the case of no solid surface is called the surface induced damping factor (Do et al. 2004; Do and Do 2005a-c) .
Nitrogen and argon gases are commonly used in the pore characterization of carbonaceous materials. For these species to correctly characterize porous media their adsorption on well-defined surfaces must be properly described and the molecular projection area justified. Progress has been achieved in recent decades, starting from the development of the BET theory in 1932 and its many variants (Rudziński and Everett 1992; Gregg and Sing 1982) , and there have been debates on the correct magnitude of the molecular projection area of nitrogen. With advances in molecular simulation, our understanding of the projection area can be clarified, and it is now known that the projection area is not a constant but can vary even when the monolayer is completed.
In this paper, surface mediation is applied in the description of nitrogen and argon adsorption onto GTCB. In particular, the effects of surface structure and temperature on the isotherm, the isosteric heat, the concentration of the first layer and the molecular projection area have been studied.
THEORY

Multi-site potential model
We have modelled the nitrogen molecule as two LJ dispersive sites and used three partial charges to account for its quadrupole moment. The molecular parameters and partial charges have been taken from the work of Potoff and Siepmann (2001) . The interaction energy between a site "a" on a molecule "i" with a site "b" on a molecule "j" may be expressed by a Lennard-Jones 12-6 equation:
(1)
The Lorentz-Berthelot (LB) mixing rules are used to obtain the cross-collision diameter σ (a,b) and the cross well-depth ε (a,b) . Knowing the site-site interaction, the interaction between two molecules can be readily computed by assuming pairwise additivity.
Nitrogen has a quadrupole moment of 4.9 × 10 -40 C/m 2 (Maitland 1987 ) and higher moments, and this is accounted for by specifying a set of discrete charges and their locations on each molecule. The interaction between a charge "α" on a molecule "i" and a charge "β" on a molecule "j" is determined via the Coulomb law of electrostatic interaction:
(2) where ε 0 is the permittivity of free space [ε 0 = 8.8543 × 10 -12 C 2 /(J m)]. The total electrostatic interaction between two molecules is obtained by summing all pairwise interactions. 
In Potoff and Siepmann's model for nitrogen, the distance between two LJ-dispersive sites is 1.1 Å and the molecular parameters of the N-site are σ = 3.31 Å and ε/k B = 36 K. Two of the three charges lie in the same positions as the two LJ-sites, and the third charge is at the centre of the molecular axis joining the two LJ-sites. The charge on the LJ-site is -0.482e and the charge at the centre is 0.964e. This model is denoted hereafter as the 2C-LJ + Q model. We have also used a 1C-LJ model for nitrogen in order to investigate the influence of shape on the description of the monolayer coverage concentration and the molecular projection area. The model chosen was that proposed by Ravikovitch et al. (2001) , and its molecular parameters for the N-site are σ = 3.6154 Å and ε/k = 101.5 K. For argon, the parameters σ = 3.405 Å and ε/k = 119.8 K (Michels and Wijker 1949) were used.
Solid-fluid potential
Two models have been considered for modelling the surface of graphitized thermal carbon black. In the first, hereafter called the unstructured model, the solid is treated as a continuum with a uniform density of carbon atoms, while in the second model account is taken of the periodic arrays of discrete carbon atoms arranged in hexagon units, with a carbon-carbon bond length of 1.42 Å. This second model is called the structured model.
The unstructured model
The interaction potential energy between a site "a" of the molecule "i" and the homogeneous flat solid substrate of constant surface density is calculated by the 10-4-3 Steele potential (Steele 1973):
( 3) where ∆ is the interlayer spacing between the two adjacent graphene layers (3.35 Å) and ρ s is the surface density of a carbon atom (0.382 Å -2 ) in a graphene layer. The solid-fluid molecular parameters, the collision diameter σ (a,s) and the interaction energy ε (a,s) are calculated from the Lorentz-Berthelot mixing rule. However, the solid-fluid interaction energy is usually adjusted by introducing a solid-fluid binary interaction parameter, k sf , such that the experimental Henry constant is reproduced by the GCMC simulations, i.e. .
Using the interaction potential energy of the site "a" of the molecule "i" with the surface as given in equation (3), the solid-fluid interaction energy of the molecule "i" is calculated by assuming pairwise additivity. The values of k sf for argon and nitrogen are listed in Table 1 . As can be seen from the data listed, this value depends on the surface and adsorption temperature, i.e. whether it is unstructured or structured.
The structured model
For the case of a structured surface, we carried out the summation of all pairwise interactions between each site of a molecule with each carbon atom on the surface. . a s z ∆ ∆
Proposed intermolecular potential in the presence of a solid substrate
It is proposed that the effective intermolecular potential energy between site "a" of particle "i" and site "b" of particle "j", when these two particles are close to a surface, may be calculated from:
where F a i is called the damping reduction factor of site "a" on particle "i". It is equal to unity if the centre of that site is greater than some threshold distance and is less than unity when this position is less than the threshold distance [chosen as the boundary of the first layer (Kim and Steele 1992)].
For the case of argon (atomic particle), a different approach (Do et al. 2004; Do and Do 2005a-c) is used to evaluate the effective intermolecular potential energy between the particles "i" and "j":
where ϕ i,s is the solid-fluid interaction energy of particle "i". The function g(ϕ i,s ,ϕ j,s ) is the surface induced damping factor. Here, we propose the following equation:
where ϕ ij,s is the geometric mean of ϕ i,s and ϕ j,s . The parameter χ (hereafter called the surface damping factor) represents how fast the damping factor decreases with the solid-fluid interaction energy (Table 1) .
RESULTS AND DISCUSSION
The following parameters are employed in the GCMC simulations of adsorption on GTCB. The simulation box is bound in the z-direction by two boundaries. One boundary is the graphite surface while the other boundary is modelled as a hard wall. The height of the box is taken to be 
30 Å. To avoid finite size effects (Jorge and Seaton 2002), the box lengths in the x-and y-direction are taken to be 1.5-times (45 Å) the height of the box. No long-range correction is made for dispersive or Coulombic interactions while LJ interactions are cut off in the x-y plane at half the box length. The number of cycles in the equilibration step and in the collecting statistics step are both 100 000, and in each cycle there are N displacements, N rotations (in the case of diatomic nitrogen) and N attempts to exchange the particle with the surroundings. Extensive data for nitrogen adsorption on GTCB at 77 K have been published by Isirikyan and Kiselev (1962) and by Kruk et al. (1999) . These data agree well with each other, suggesting a high degree of homogeneity in the graphitized thermal carbon black used by these authors. The data of Gardner et al. (2001) have been employed for argon adsorption on GTCB at 77 K and 87 K.
Nitrogen at 77 K
The 2C-LJ + Q model for nitrogen
The GCMC simulation results for nitrogen (using the 2C-LJ + Q potential model) without surface mediation are shown in Figure 1 for the structured surface (dashed line). The results for the unstructured surface are not shown to avoid cluttering. The plots are presented on a log-log scale and on linear scales to highlight the low-and high-pressure ranges. The experimental data of Kruk et al. (1999) are presented as open circle symbols.
Comparison of the simulation results with the experimental data allow the following observations to be made:
1.
The adsorption isotherm is not sensitive to the surface structure (irrespective of whether it is unstructured or structured).
2.
Without surface mediation, the GCMC model (dashed line) over-predicts the isotherm in those regions where the monolayer and higher layers are being completed.
The second observation suggests that account must be taken for surface mediation in the GCMC simulation. Indeed, to describe the isotherm correctly, we have found that a surface mediation reduction factor of 0.94 [equation (4)] must be employed, as shown by the full line in Figure 1 . It will be seen that this provides a satisfactory description for the nitrogen adsorption isotherm at 77 K. To obtain information about the concentration of each molecular layer above the surface, we divided the space above the surface into "zones" of equal width (here we use 0.068 Å) and obtained the ensemble average of the number of particles in each "zone" over the course of a Monte Carlo run. The average density of each "zone" was then plotted against the position of that "zone" and the result was the density with respect to the distance z. Figure 2 shows typical distributions for nitrogen adsorption onto GTCB at 77 K. Distinct peaks occur for the first two layers, but the peaks overlie for subsequent layers due to the progressively weaker solid-fluid interaction.
The number of particles in the first layer may be obtained by counting the particles in the "zone" under the first peak. Similarly, the number of particles in the second layer is obtained by counting the particles in the "zone" between the two minima bounding the second peak. This process can be repeated for the third layer. Figure 3 shows the concentrations of these layers versus the pressure. Although the first layer forms first while the higher layers form later, the second layer makes its appearance before the first layer is complete. Another interesting point, but not so surprising, is that the concentrations of the first and second layers exhibit Henry law behaviour when the density of each layer is well below the concentration necessary for monolayer coverage. This is reflected by the slope of unity in the log-log plot [shown by the dotted line in Figure 3 (b)]. The third and higher layers do not exhibit this behaviour because the molecules of these layers adsorb onto the somewhat heterogeneous surface of the lower layers.
Once the first-layer concentration is known, the average area or molecular projection area occupied by one molecule in the first layer can be computed. The molecular projection area is not expected to be constant; even when the surface is virtually filled, more molecules can be squeezed in by raising the chemical potential to a sufficiently high value. The average area occupied by one molecule in the first layer is plotted in Figure 4 (a) as a function of the surface excess. Also plotted in this figure is the first-layer concentration. As expected, the first-layer concentration increases linearly with the surface excess over the low loading region (loadings less than 10 µmol/m 2 ) because most molecules reside in the first layer. However, when the loading is greater than 10 µmol/m 2 , the first-layer concentration is flattened out (the first layer is filled) and increases very slowly due to compression of this layer. The average area occupied by one molecule in the first layer decreases asymptotically to the molecular projection area, which then decreases very slightly due to compression. In Figure 4 (b), which shows a plot of the molecular projection area versus the reduced pressure, it may be observed that the molecular projection area varies from 16 Å 2 to 15 Å 2 over the recommended range for BET analysis (0.05-0.35P/P 0 ), with the last area corresponding to a solid-like behaviour for the first layer. Arnell and Henneberry (1948) examined 11 carbon black samples and obtained a range of molecular projection areas from 14.1 Å 2 to 27.7 Å 2 . However, when only graphitized carbon black was considered, the range was narrower (Rouquerol et al. 1977; Grillet et al. 1979; Chung and Dash 1977) . What we have seen thus far is that the molecular projection area is not a constant. Although it is recommended that the BET linear range is 0.05-0.35P/P 0 (reduced pressure), many authors cited in the literature have chosen a different range in order to achieve good linearity. This is the consequence of a variable molecular projection area. For applying the BET theory, we determine the average molecular projection area as: (7) where x 1 and x 2 are the reduced pressures of 0.05P/P 0 and 0.35P/P 0 , respectively. An average value of 15.5 Å 2 , which is less than the commonly used value of 16.2 Å 2 , is obtained on performing this integration. If the formula suggested by Emmett and Brunauer (1937) is used, viz.
where the packing factor is 1.091, M is the molecular weight, ρ is the density of liquid nitrogen and N A is the Avogadro number, and the packing in the adsorbed phase is assumed to be the same as that of liquid nitrogen at 77 K (0.81 g/cm 3 ), we obtain a molecular projection area of 16.2 Å 2 . However, a value of 15.5 Å 2 is obtained if the density of solid nitrogen at the triple point (0.865 g/cm 3 ) is used. Comparing this result with the GCMC results depicted in Figure 4(b) , it may be concluded that the state of nitrogen in the first layer on the GTCB at 77 K is more solid-like than liquid-like.
Next, we consider the variation of the isosteric heat versus loading and the potential of the GCMC model to describe it correctly. Experimental data for nitrogen adsorption onto graphitized carbon black are available from a number of publications (Beebe et al. 1947; Joyner and Emmett 1948; Pace and Siebert 1960) simulation results (solid line) and the data may be regarded as satisfactory. The contribution of the solid-fluid interaction towards the isosteric heat is shown as a dashed line, whilst that of the fluid-fluid interaction is presented as a dash-dotted line. The horizontal dashed line is located at the heat of liquefaction. The solid-fluid contribution is virtually constant over the sub-monolayer coverage, indicating that nitrogen molecules reside at almost the same distance from the surface. Its decrease with loadings > 10 µmol/m 2 is due to adsorption in the second layer. The contribution by the fluid-fluid interaction towards the isosteric heat is interesting. It increases more or less linearly in the sub-monolayer coverage region due to the increase in the number of neighbouring molecules. It reaches a maximum at the point where the first layer is completed and then decreases. This small decrease is attributed to the fact that when molecules start to adsorb onto the second layer they have fewer neighbours with which to interact. However, as the second layer is progressively filled each new molecule in this layer will interact not only with those already in the first layer but also with those in the second layer, resulting in a higher isosteric heat due to this fluid-fluid interaction. Finally, at a sufficiently high loading (third layer and onwards), the heat due to fluid-fluid interaction approaches the heat of liquefaction.
The 1C-LJ model for nitrogen
Instead of using the more realistic potential model for nitrogen (2C-LJ + Q) to describe the shape and quadrupole moment of the nitrogen molecule, it is interesting to investigate whether the simpler 1C-LJ model (which models the nitrogen molecule as a pseudo-spherical particle) is adequate for the description of the adsorption isotherm, isosteric heat and molecular projection area. Figure 6 shows the adsorption isotherms for the structured surface as derived from the 1C-LJ model. If the performance of the 1C-LJ model ( Figure 6 ) is compared with that of the 2C-LJ + Q model (Figure 1) with surface mediation, it may be concluded that the pseudo-spherical nitrogen model describes the adsorption isotherm as well as the 2C-LJ + Q model. Figure 7 shows how this 1C-LJ model describes the molecular projection area of the first layer. The results for the 2C-LJ + Q model obtained earlier are also shown for comparison. It is seen that the 1C-LJ model performs just as well as the more complex 2C-LJ + Q model. This means that the 1C-LJ model can be used to describe the adsorption isotherm, isosteric heat (not shown for 1C-LJ in Figure 7 because it is identical to that for the 2C-LJ + Q model) and the molecular projection area. In addition, it is much faster to compute than its 2C-LJ + Q model counterpart.
Argon at 77 K
In addition to nitrogen, argon is also used as a molecular probe for studying surface area and pore volume because it is a spherical inert atom and its properties are not very different from those of nitrogen. If argon is employed as the adsorptive, the adsorption studies can be carried out at either liquid nitrogen temperature (77.35 K) or liquid argon temperature (87.3 K). At 77 K, the saturation pressure of argon is taken to be that of the super-cooled liquid (P 0 = 29 300 Pa), rather than the saturation pressure of solid argon (Rudziński and Everett 1992; Gregg and Sing 1982) . Below, we first consider the case of argon adsorption at 77 K and then consider the higher temperature (87.3 K) in Section 3.3 to see what, if any, differences arise between these two temperatures. Gardner et al. (2001) have provided extensive data regarding the adsorption of argon at 77 K. Figure 8 shows the simulation results with unstructured and structured surfaces. As for the case of nitrogen discussed above, the description is extremely poor when surface mediation is not accounted for. However, when surface mediation is included, the GCMC simulation describes the adsorption isotherm data better although the calculated lines still show more steps than the experimental data. Figure 9 shows the concentrations of the first three layers with surface mediation. In the first layer, the concentration reaches a plateau and then remains constant up to 6 kPa; beyond this 356 D.D. Do et al./Adsorption Science & Technology Vol. 25 No. 6 pressure it undergoes a transition from a liquid-like to a solid-like state which is maintained up to the saturation vapour pressure. The plot of density versus distance from the surface [shown in Figure 9 (b)] for pressures just before and after the transition from the liquid-like to the solid-like first layer supports this interpretation. It will be seen that a detectable jump occurs in the density of the first layer at ca. 6 kPa while the concentration is built up gradually in the second layer.
Let us now turn to the investigation of the molecular projection area in the recommended reduced pressure range of 0.05-0.35P/P 0 . Figure 10 shows the molecular projection area at 77 K as a function of the reduced pressure from which it is seen that, like the case of nitrogen dealt earlier, the molecular projection area changes over the reduced pressure range concerned. However, in contrast to the case of nitrogen, two distinct plateaux are observed for argon. One occurs in the reduced pressure range 0.1-0.2P/P 0 while the second plateau is when the reduced pressure is greater than 0.2. The molecular projection area of the first plateau is 13.8 Å 2 whilst that of the second plateau is 12.94 Å 2 . The state of argon in the first plateau is liquid-like whereas that in the second plateau is solid-like.
This means that the molecular projection area changes abruptly in the region where BET analysis is normally carried out. Based on what is shown in this figure, it is recommended that in order to determine the surface area of graphitized carbon black with argon as the molecular probe we should apply the BET analysis at 77 K over the reduced pressure range 0.25-0.35P/P 0 using a molecular projection area of 12.94 Å 2 or use the molecular projection area of 13.8 Å 2 over the reduced pressure range 0.1-0.2P/P 0 . Jorge and Seaton (2002) used the molecular projection area of 12.94 Å 2 in their study of GTCB.
We consider the heat of adsorption next. The plots of the isosteric heat versus loading for unstructured and structured graphite surfaces are shown in Figure 11 where surface mediation is accounted for. From the experimental data of Beebe et al. (1953) , depicted as open circles in the figure, it will be seen that the agreement between these data and the GCMC simulation results is satisfactory. Two horizontal lines are also plotted in the figure; the upper dashed horizontal line 358 D.D. Do et al./Adsorption Science & Technology Vol. 25 No. 6 corresponds to the heat of liquefaction of super-cooled liquid argon, while the lower dash-dotted horizontal line depicts the heat of sublimation.
The adsorption heat versus loading behaviour depicted in Figure 11 is very typical of what would be expected from a homogeneous graphite surface, viz. the adsorption heat increases with loading in the region of monolayer coverage but once the second layer is initiated it decreases because the second layer is further away from the surface (lower solid-fluid interaction). This decrease approaches the heat of liquefaction of super-cooled liquid argon (6.8 kJ/mol) and then increases again with loading because of the increasing fluid-fluid interaction. Finally, as the second layer approaches completion, the isosteric heat approaches the heat of sublimation (7.7 kJ/mol). This seems to indicate that the argon particles in the first layer exhibit an increased order. The behaviour of the contributions from the solid-fluid (dashed line) and fluid-fluid (dash-dotted line) interactions towards the isosteric heat is similar to that discussed above for nitrogen adsorption at 77 K.
Argon adsorption at 87.3 K
Finally, we consider the adsorption of argon onto GTCB at 87.3 K. The conclusions arrived at for nitrogen and argon earlier at 77 K are again applicable here, viz.: -The adsorption behaviour (isotherm, isosteric heat, monolayer coverage concentration and molecular projection area) is not sensitive to the surface structure. -To describe the adsorption isotherm and isosteric heat correctly when compared with the experimental data, surface mediation must be accounted for. The agreement between the GCMC simulation results for the adsorption isotherm and the data is very good (Do and Do 2005a-c) . The agreement for the isosteric heat is depicted in Figure 12 (a). -The molecular projection area is not constant over the range of reduced pressure, i.e. 0.05-0.35P./P 0 , and is different from that at 77 K (Figure 13 ). Figure 13 shows the molecular projection area of argon plotted as a function of reduced pressure for argon adsorption onto graphitized thermal carbon black at 77 K and 87.3 K, respectively. The data depicted demonstrate how the molecular projection area of argon varies with temperature. Thus, there is a sharp transition from a liquid-like state to a solid-like state at 77 K, but no such transition at 87.3 K. At the higher temperature, the state of the first layer gradually increases to solid-like behaviour with this state being reached at a reduced pressure of 0.35, compared to a phase transition at ca. 0.2 at 77 K. For Ar at 87.3 K, we suggest a value of 14 Å 2 as the molecular projection area over the reduced pressure range 0.1-0.2P/P 0 . 
The behaviour of isosteric heat versus loading in the sub-monolayer region
A feature concerning the heat of adsorption of argon at 77 K ( Figure 11 ) and at 87.3 K (Figure 12 ) deserves mention. These figures show plots of the heats contributed by solid-fluid interaction and fluid-fluid interaction. The heat contributed by fluid-fluid interaction increases almost linearly in the region of sub-monolayer coverage. It reaches a small maximum at the same loading at which the isosteric heat is a maximum (at a loading of ca.10 µmol/m 2 ) and then passes through a small minimum in the region where the isosteric heat decreases sharply from the maximum. Interestingly, this minimum occurs exactly at the point where the heat contributed by fluid-fluid interaction is the same as that by solid-fluid interaction. Finally, it increases once again until it reaches the heat of liquefaction. Although it appears that the isosteric heat increases almost linearly in the region of submonolayer coverage, closer examination of the heat curve shows that this increase actually occurs in three stages. Since the heat contributed by solid-fluid interactions is linear in this region, the existence of these three stages can be attributed to fluid-fluid interaction. This is depicted in Figure 12 (b) where only the monolayer coverage region is shown. The three stages may be identified by three straight lines. The rate of increase of heat with respect to loading during the first stage is the same as that in the third stage, while the rate at the second stage is about one-half that in the other two stages. The existence of these stages may be explained as follows. When the coverage of the first layer is < 20%, molecules have a tendency to form clusters and the heat contributed by the fluid-fluid interaction comes from the interaction of the newly introduced particle with those particles already on the surface. However, when the surface coverage is in the range 20-80%, a newly introduced particle will have approximately the same separation from other particles. When the surface coverage is > 80%, a new particle interacts more closely with other particles. This argument is supported by the radial distributions of molecules in the first layer as plotted in Figure 14 for three pressure values, viz. 50, 150 and 400 Pa. These values correspond to the three stages just discussed. It will be seen that the distance of the first coordination sphere is greater when the loading is within the 20-80% range (stage 2), resulting in weaker fluid-fluid interaction compared to the other two stages.
CONCLUSIONS
In this paper we have presented a comprehensive interpretation of the adsorption of nitrogen and argon onto graphitized thermal carbon black at 77 K and 87.3 K, respectively, based on the results of GCMC simulation. Emphasis is placed on the role of surface mediation and the surface structure model in the description of the adsorption isotherm, the isosteric heat, the first layer concentration and the molecular projection area. It has been shown that surface mediation is important for both adsorbates studied with the surface structure (structure-less or structured) having very little influence on the adsorption behaviour. The molecular projection area is not a constant over the reduced pressure range (0.05-0.3P/P 0 ), i.e. that recommended for the BET plot. For nitrogen adsorption on graphitized thermal carbon black at 77 K, the average molecular projection area over this pressure range is 15.5 Å 2 rather than the commonly used value of 16.2 Å 2 . For argon on the same surface, we recommend values for the molecular projection area at 77 K of 13.8 Å 2 and of 12.94 Å 2 over the reduced pressure ranges 0.1-0.2P/P 0 and 0.25-0.35P/P 0 , respectively. At 87.3 K, a value of 14 Å 2 is suggested for the range 0.1-0.2P/P 0 .
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